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Abstract  

Ascorbate (vitamin C) and menadione (vitamin K3) mixture is known as powerful antioxidant with strong expressed cytotoxic effects for 
malignant cancer cells. Therapeutic effects of some cell lines is obvious, but the mechanism of action (ending apoptosis but not necrosis) 
is still not clear. Three-step reaction of reagents C and K3 yields significant amount of H2O2 (hydrogen peroxide). This work is devoted to 
complex evolution analysis, when in vitro complex represents the associate of C and K3 in aqua surrounding (pH <7). Intermolecular 
charge transfer was modelled according to quantum chemistry simulations.  
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1 Introduction 

Tumor diseases represent the serious danger for human 
existence. The significant progress has been made in tumor 
diagnosis, surgical and preventive treatment. Big progress 
has been made in applying the principles of a healthy diet, 
but there is still a lot of unresolved problems. There are 
many types of cancer for which an effective treatment is 
absent, such as carcinoma, melanoma and others. 

From middle of XX century, ascorbate (vitamin C) and 
menadione (vitamin K3) mixture is known as powerful 
antioxidant with strong expressed cytotoxic effects for 
malignant cancer cells. Although the therapeutic effects of 
some cell lines is obvious, but the mechanism of action 
(ending apoptosis but not necrosis) is still not clear. Three-
step reaction of reagents C and K3 yields significant amount 
of H2O2 (hydrogen peroxide). Hydrogen peroxide acts 
selectively on cancer cells, causing them to oxidative stress 
in which the cancer cells are killed. 

This work is devoted to complex evolution analysis, 
when in vitro complex represents the associate of C and K3 
in aqua surrounding (pH <7). Intermolecular charge transfer 
was modelled according to quantum chemistry simulations.  

2 Quantum chemistry simulations 

Computations were performed on resources at the High 
Performance Computing Center „HPC Sauletekis “ in Faculty 
of Physics, Vilnius University. Ground state complex 
geometry optimisation was provided using Gaussian09 
package using B3LYP/6-31++G(d,p) method. Effects of 
aqueous solution (surrounding properties) were estimated 
using SCRF=(solvent=Water) routine. Electronic excitation 
and following intermolecular charge transfer (CT) was 
calculated using TD method for singlets only. Figure 1 and 2 
represent the electronic charge redistribution for protonated 
complex of vitamin C an K3 in aqua. Intermolecular charge 
transfers for C to K3 and for H to K3 respectively are 
significant initiators for following ascorbyl formation.  

 
FIGURE 1 Protonated complex of vitamin C an K3 in aqua. 

Intermolecular charge transfer from C to K3 

 
FIGURE 2 Protonated complex of vitamin C an K3 in aqua. 

Intermolecular charge transfer from H+ to K3 

Presented sandwich-type complexes differ from 
previous, described in Ref. [1] (the same complex without 
surrounding effect). Vitamin C is well known as a proton 
donor, and reaction profiles were studied by many 
researches [2-4]. Hydrophilic and/or hydrophobic character 
of surrounding must by accepted by analysing the proton-
electron transfer mechanism and free radical formation. 
Otherwise, one-electron reduction of quinines by ascorbate 
[5] results formation of active forms of oxygen. Additional 
metal cations such as Na+, K+, Be2+, Mg2+ are significant in 
CT formation according to Ref. [6].  
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3 Conclusion 

Geometry of protonated structure was studied and presence 
of proton in vitamin C area was estimated as the significant of 
following charge transfer reaction. Localization of additional 

proton in K3 area was estimated as negligible for CT. 
Presence of proton in vitamin complex with aqua 

surrounding realizes the more energetically favorable 
situation for ascorbyl formation in comparison to non-
protonated complex.   
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